Background-We have previously identified an atherosclerosis quantitative trait locus (QTL) on mouse chromosome (Chr) 12
A therosclerosis is a complex disease caused by the interplay of genetic and environmental factors. 1 Heritability estimates indicate that Ϸ50% of the risk of developing atherosclerosis is genetically determined. 2 Mouse models have been extremely helpful in the identification of genetic factors that modify atherosclerosis. To date, experiments with transgenic and knockout mice have revealed several hundred genes affecting lesion development. 1 In addition, differences in the susceptibility of inbred mouse strains in the development of atherosclerosis have been noted, 3 which have been used to identify atherosclerosis modifying genes 4 (for a review see 5 ) .
In previous work, we have identified differences in atherosclerosis susceptibility between the mouse strains FVB and C57BL/6 (B6). When crossed onto the LDL receptor-deficient (LDL Ϫ/Ϫ ) background, FVB.LDLR Ϫ/Ϫ mice were atherosclerosis resistant whereas B6.LDLR Ϫ/Ϫ mice were relatively atherosclerosis susceptible in spite of comparable hypercholesterolemia. 6 In subsequent work, we have used these strains to identify genetic loci responsible for disease susceptibility by quantitative trait locus (QTL) mapping in a total of 459 F2s derived from the parental FVB.LDLR Ϫ/Ϫ and B6.LDLR Ϫ/Ϫ . To account for potential lineage effects, the F2-mice were generated in 2 subcrosses: In cross "mB6ϫfFVB", male B6.LDLR Ϫ/Ϫ mice were crossed to female FVB.LDLR Ϫ/Ϫ mice to generate 108 female and 114 male F2s. In cross "mFVBxfB6", male FVB.LDLR Ϫ/Ϫ mice were crossed to female B6.LDLR Ϫ/Ϫ mice to generate 119 female and 118 male F2s. Animals were phenotyped for atherosclerotic lesion area at the aortic root, and a genome scan was carried out with 192 polymorphic microsatellite markers. QTL mapping revealed significant loci of atherosclerosis susceptibility on chromosomes (Chr) 3, 10, and 12. 7 The Chr12 QTL showed lineage-and gender-dependency with a maximal LOD score of 3.9 (D12Mit82, 3 cM) in female mice of cross mB6ϫfFVB and a maximal LOD score of 4.8 (D12Mit189, 24 cM) in male mice of cross mFVBxfB6. It should be noted that the map position of the loci in female and male mice were not identical indicating that the loci were likely independent. Moreover, for females of cross mFVBxfB6 as well as for males of cross mB6ϫfFVB, no significant LOD score was identified on proximal Chr12, suggesting a complex interaction pattern of permissive cofactors influencing atherosclerosis susceptibility at this locus.
The aim of the present study was to identify potentially causal gene(s) underlying the atherosclerosis QTL at Chr12.
Materials and Methods
An expanded methods section is provided in the supplemental Methods (available online at http://atvb.ahajournals.org).
Animals and Tissue Preparation
In previous work, 459 F2-mice had been generated in a reciprocal intercross of atherosclerosis-resistant FVB.LDLR Ϫ/Ϫ mice and atherosclerosis-susceptible B6.129S7-Ldlr tmHer /J (henceforce called B6.LDLR Ϫ/Ϫ ). 7 Livers from F1-and F2-mice had been harvested at sacrifice and stored Ϫ80°C. In addition, in the present study a total of 19 
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B6/FVB (nϭ38), and FVB.LDLR Ϫ/Ϫ Chr12 B6/B6 (nϭ45) mice. All animals were treated and euthanized like the F2-mice previously described. 7 Bone marrow was isolated and cryo-preserved for further study. Animal care and experimental procedures involving animals were approved by the Rockefeller University's Institutional Animal Care and Use Committee and the responsible authorities of the state of Saxony, Germany (Regierungspräsidium Sachsen, N 4/07).
Cell Culture Studies
RAW 264.7 macrophages were cultivated and used for transfection studies. Cryo-preserved bone marrow cells of FVB.LDLR Ϫ/Ϫ and B6.LDLR Ϫ/Ϫ were thawed and differentiated into macrophages in presence of L-cell-conditioned medium for 14 days. Macrophages were used for RNA isolation. For functional studies, macrophages were incubated for 1, 3, 6, and 24 hours with 100 nmol/L phorbol-12-myristate-13-acetate (PMA, Sigma-Aldrich). Tumor necrosis factor-alpha (TNF-␣) and TNF-receptor I (TNFR-I) release into media was determined by enzyme-linked immunosorbent assay (BioRad), and concentrations were normalized to cell protein content determined by the method of Lowry as previously described. 8 
RNA Isolation and cDNA Synthesis
Total RNA was extracted from livers of 10 F1 and 400 F2-mice (59 from the total of 459 were not available), 9 FVB.LDLR Ϫ/Ϫ mice and 12 B6.LDLR Ϫ/Ϫ mice using TRIzol reagent. This method was also used for isolation of total RNA from cultivated bone marrowderived macrophages of FVB.LDLR Ϫ/Ϫ and B6.LDLR Ϫ/Ϫ mice. For RNA isolation from whole aortas, RNeasy Fibrous Tissue Mini (Qiagen) was used. RNA was reverse transcribed into cDNA using SuperScript II Reverse Transcriptase (Invitrogen) and random hexamer primers (Roche).
Quantitative Fluorogenic RT-PCR (TaqMan)
Quantitative fluorogenic RT-PCR was performed in an ABI PRISM 7900 Sequence Detection System (Applied Biosystems). Specific primers and probes for ␤-actin, a disintegrin and metalloproteinase domain 17 (ADAM17), aryl-hydrocarbon receptor (AHR), TNF-␣, TNFR-I, vascular cell adhesion molecule 1 (VCAM-1), and cytochrome P450, family 1, subfamily a, polypeptide 1 (CYP1A1) were selected to span 2 exons to avoid coamplification of genomic DNA. mRNA expression levels were normalized to 10 3 copies of ␤-actin as a housekeeping gene.
cDNA and Genomic DNA Sequencing
The promoter regions (Ϸ1.5 kb and Ϸ2.7 kb for ADAM17) and coding regions of candidate genes were amplified using specific primers (online supplement Methods, supplemental Table II) . Histone deacetylase 9 (HDAC9), AHR, and NF-B inhibitor alpha (IB␣) were sequenced from cDNA, ADAM17 was also sequenced from genomic DNA. Sequencing was performed by standard dyeterminator chemistry (Applied Biosystems).
ADAM17 and Chr12 Genotyping
One single nucleotide polymorphism (SNP) in exon 19 of ADAM17 that we found to be polymorphic between FVB.LDLR Ϫ/Ϫ and B6.LDLR Ϫ/Ϫ mice was used as an additional marker to fine-map Chr12 in the F2-mice. Five additional SNPs evenly spaced across Chr12 were used for generation of congenic mice. Genotyping was performed using a homogenous fluorescent method as previously described. 9
Allele-Specific Transcript Quantification (Cis-Trans test)
Allele-specific ADAM17 transcript quantification was performed in livers from 10 F1-mice using quantitative sequence analysis of cDNA of the A1098G sequence variant in exon 9 between FVB and B6. The allelic ratio in the F1 was determined by comparison of the peak heights of sequence analysis for the G-allele (FVB) and A-allele (B6) with peak heights for these alleles obtained in standard mixtures.
Transfection Study of ADAM17 Promoter Fragments
ADAM17 promoter fragments of FVB and B6 starting at Ϫ681 bp upstream of the start codon were amplified and cloned into the luciferase reporter vector pGl4.11[luc2CP] (Promega). Four sequence variations were identified in the 681-bp promoter fragment between FVB and B6. Mutagenesis was used to introduce each of the B6 variants (DEL-640CA, T-457G, C-216A, and T-25G) separately into the FVB promoter fragment. RAW 264.7 cells were cotransfected with 0.01 g pGl4.74[hRluc/TK] vector (Invitrogen) for normalization and 1 g of reporter vectors using the diethylaminoethyl (DEAE)-dextran method. 10 Firefly and renilla luciferase activities were measured sequentially using the Dual-Luciferase Reporter Assay System (Promega) in a Sirius Luminometer (Berthold Detection Systems).
Statistical Analysis
All data are given as meanϮSD unless otherwise indicated. Normality of distribution was assessed using the Kolmogorov-Smirnov test implemented in PRISM statistical software (GraphPad). Comparison of multiple groups was done using ANOVA, and Tukey was performed as post test. Comparison of 2 groups of normally distributed samples was done using the t test. Linkage analysis for single QTLs was done using MAPMANAGER QTX B20, freely available at www.mapmanager.org. 11 Levels of significance were determined empirically by permutation testing in 1 cM steps.
Results

Selection and Sequencing of Genes at the Chr12 QTL
We screened the Ensembl database (www.ensembl.org) for potential atherosclerosis modifier genes underlying the atherosclerosis QTL on Chr12 identified in our previous work (supplemental Table I ). 7 Four of these genes, ADAM17, HDAC9, AHR, and IkB␣, stood out because of their known functions and the possibility that variation between the strains might affect atherosclerosis susceptibility. ADAM17 (21.6 Mb) is a metalloproteinase responsible for the release of membrane bound substrates (for a review see 12 ). HDAC9 (31.9 Mb) is a histone deacetylase that regulates transcription, 13 the aryl-hydrocarbon receptor (AHR, 33.3 Mb) is a cytosolic receptor with a known association to cardiovascular risk, 14 and IkB␣ (53.4 Mb) is a master-regulator of inflammatory signaling. 15 In general, a QTL might be caused by genetic sequence variation leading either to differences in gene expression or gene function. We thus performed systematic DNA sequencing of the proximal promoter (Ϸ1.5 kb), the complete coding sequence, and the 3Ј-untranslated region (UTR) of the 4 candidate genes. The numbers of identified sequence variations between FVB and B6 mice are shown in the Table. No sequence variations were present in HDAC9 and IkB␣, and those genes were thus excluded from further analysis.
In ADAM17, we identified 17 promoter variants, 10 coding variants, and 4 additional sequence variants in the 3Ј-UTR. Of the 10 variants in the coding region, one changed an amino acid residue in the prodomain (Asn113Asp) and the other in the EGF-like domain (Val593Ile). However, analysis with the Panther and SIFT software programs (freely available at www.pantherdb.org, http://blocks.fhcrc.org/sift/SIFT.html) suggested these amino acid exchanges were not likely to be functionally significant. For AHR, sequence comparison between FVB and B6 mice revealed 8 promoter variants and 10 SNPs within the coding sequence causing 4 amino-acid exchanges. In addition, a preterminal stop codon was identified in B6 leading to a 48 amino-acid truncation compared to FVB with potential functional significance. 16 
Fine Mapping of the Chr12 QTL
To improve the marker coverage at the chromosomal mapposition of ADAM17, we genotyped all F2 animals with one of the SNPs identified in ADAM17 (exon 19). We have shown in our previous work that the atherosclerosis QTL at Chr12 was lineage specific. 7 In female F2, the QTL was attributable to a subset of mice derived from male B6.LDLR Ϫ/Ϫ and female FVB.LDLR Ϫ/Ϫ (mB6ϫfFVB) parental mice, whereas in male F2, it was attributable to a subset of mice derived from male FVB.LDLR Ϫ/Ϫ and female B6.LDLR Ϫ/Ϫ parental mice. Adding the ADAM17-SNP as an additional marker to the QTL map lead to a further increase of the maximal LOD score of atherosclerosis from 3.9 to 4.2 in this subset of mB6ϫfFVB female F2 (Figure 1) . In male mice, however, the maximum LOD of atherosclerosis was more distal from the map-position of ADAM17 and adding this marker to the QTL map did not lead to significant changes of the LOD score plot for atherosclerosis. Because the chromosomal map-position of AHR was well covered with microsatellite markers, we did not perform additional genotyping using the newly identified SNPs in AHR. A full list of gene variants of ADAM17 and AHR is given in the supplemental Figure I. 
eQTL Mapping
We next performed expression quantitative trait locus (eQTL) mapping to determine whether the identified promoter variants had an effect on mRNA expression levels of candidate genes. To this end, RNA from livers of the original F2 animals was isolated and mRNA expression levels of ADAM17 and AHR were determined by quantitative RT-PCR. mRNA expression levels were then used as phenotypes for QTL mapping: In female F2-mice derived from mB6ϫfFVB parental mice, the maximum LOD score of ADAM17 expression was 3.3 and colocalized with the physical map-position of ADAM17 as well as with the maximal LOD score for atherosclerosis ( Figure 1 ). In contrast, in female F2 derived from mFVBϫfB6 parentals, the LOD score at the mapposition of ADAM17 was only 1.4 (no atherosclerosis QTL was present in this subcross). Likewise, in male F2 derived from mB6ϫfFVB and mFVBϫfB6 parentals, the LOD scores at the map-position of ADAM17 were lower, but still reached levels of 2.9 and 2.4, respectively. In summary, these data indicated a differential regulation of ADAM17 mRNA expression in cis with a high LOD of expression in the female mB6ϫfFVB subcross. This finding was confirmed by allele expression imbalance in the F1 livers (cis-trans test, data not shown). For AHR mRNA expression, no significant LOD score was identified in any of the subcrosses (Figure 1 ) and no differences in mRNA expression levels of AHR between parental FVB.LDLR Ϫ/Ϫ and B6.LDLR Ϫ/Ϫ mice were observed (data not shown).
Although there was no difference of AHR expression between the strains, there were 4 amino acid exchanges and a truncation of the AHR protein present between FVB and B6. AHR is a cytosolic receptor playing a role in transcriptional regulation of target genes such as VCAM-1 and CYP1A1. If 
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Holdt, ADAM17, and Atherosclerosis Susceptibilitythe coding differences in AHR between FVB and B6 indeed had functional consequences, one would expect colocalization of the maximum LOD scores of VCAM-1 and CYP1A1 expression with the physical map-position of AHR indicating a regulation in trans. However, no significant LOD score for VCAM-1 ( Figure 1 ) nor for CYP1A1 (data not shown) mapped to Chr12. This and the lack of expression differences in AHR between the strains made AHR an unlikely candidate and this gene was not followed up in further analysis.
ADAM17 Expression Levels in F2 and Parental Mice
We next determined the allelic effect of the ADAM17-SNP on ADAM17 mRNA expression levels in the F2-mice. As shown in Figure 2A , data from female F2-mice derived from mB6ϫfFVB parentals indicate that ADAM17 expression in the livers of F2-mice homozygous for FVB at the ADAM17-SNP was 39% higher compared to mice homozygous for B6 (PϽ0.001). Mice heterozygous at the ADAM17-SNP still had 22% higher ADAM17 expression levels than mice homozygous for B6 (PϽ0.05). The average expression variance associated with the FVB genotype was 19% per allele. As shown in Figure 2B , increased ADAM17 mRNA expression was significantly correlated with decreased atherosclerosis in female F2-mice derived from mB6ϫfFVB parentals (Pϭ0.04, r 2 ϭ0.09). Differential expression of ADAM17 could also be replicated in the parentals: In livers of FVB.LDLR Ϫ/Ϫ mice, expression of ADAM17 was 68% increased compared to B6 mice (PϽ0.01; Figure 2C ). To test whether expression was also different in other tissues, we determined ADAM17 mRNA in bone marrow-derived macrophages (M⌽) and found 58% higher ADAM17 expression in FVB.LDLR Ϫ/Ϫ M⌽ compared to B6.LDLR Ϫ/Ϫ M⌽ (PϽ0.01). Moreover, ADAM17 mRNA expression was also significantly increased (32%) in aorta from FVB.LDLR Ϫ/Ϫ compared to B6.LDLR Ϫ/Ϫ mice (PϽ0.05, Figure 2C ).
Reporter Gene Assay of ADAM17 Promoter Variants
We next performed reporter gene assays to identify the causal variant(s) leading to differences of ADAM17 expression levels in FVB and B6 mice. Comparative sequence analysis of the ADAM17 promoter (http://rvista.dcode.org; data not shown) revealed greatest sequence conservation between humans, rats, and mice for a promoter region approximately spanning from Ϫ600 bp to the start codon, suggesting that important regulatory elements might reside in this region. Therefore, we investigated a 681-bp fragment of the proximal promoter of ADAM17 containing 4 sequence variations between B6 and FVB at positions Ϫ640 (DEL/CA), Ϫ457 (T/G), Ϫ216 (C/A), and Ϫ25 (T/G). The FVB and B6 versions of this fragment were cloned into a luciferase reporter vector. Reporter activity was 2.7-fold increased in RAW macrophages transfected with the FVB promoter compared to cells transfected with the B6 promoter (PϽ0.001; Figure 3 ). To identify the genetic variant responsible for expression differences between strains, we generated 4 additional reporter constructs introducing each of the 4 B6 variants into the FVB promoter fragment by site-directed mutagenesis. As shown in Figure 3 , the relative reporter activity was basically unchanged when the B6 variants were introduced into the FVB reporter construct at positions Ϫ640, Ϫ457, and Ϫ216. However, introduction of the B6 variant into the FVB reporter at position Ϫ25 led to a dramatic reduction of reporter activity comparable to the B6 variant. The relevance of this finding was confirmed by mutating the FVB variant into the B6 promoter leading to a significant increase of promoter activity (data not shown). Analysis of transcription factor binding sites with AliBaba2.1 (www. gene-regulation.com/pub/programs/alibaba2/index.html) revealed that the Ϫ25 T/G variant led to an insertion of a C/EBP-alpha binding site in FVB which was absent in B6.
ADAM17 Shedding Activity in Macrophages
ADAM17 is responsible for shedding of membrane-bound substrates such as TNF-␣ and TNFR-I. To test whether expression differences of ADAM17 between FVB.LDLR Ϫ/Ϫ and B6.LDLR Ϫ/Ϫ were reflected on the functional level, we determined release of TNF-␣ and TNFR-I from cultivated M⌽. As shown in Figure 4A , basal release of TNF-␣ was low and showed no significant differences between strains. Shedding activity of ADAM17 is known to increase upon incubation of cells with PMA without induction of transcription. 17 Interestingly, we observed significantly higher peak concentrations and sustained release of TNF-␣ in FVB.LDLR 
Confirmation of Chr12 QTL and ADAM17 Expression Differences in Congenic Mice
To further strengthen the association of the FVB allele with decreased lesion formation and increased ADAM17 expression, we generated congenic mice carrying the Chr12 interval (0 to 28 cM) from B6 on the FVB.LDLR Ϫ/Ϫ background. Atherosclerosis was significantly reduced in FVB.LDLR 
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B6/B6 mice ( Figure 5A ). We could also replicate our finding of increased ADAM17 mRNA expression in livers of congenic animals homozygous for the FVB allele at the Chr12 interval compared to animals homozygous for B6 ( Figure 5B ).
Discussion
In the present study, we provide evidence for the metalloproteinase ADAM17 as a novel genetic factor of atherosclerosis susceptibility. Increased activity of ADAM17 in atherosclerosis-resistant FVB.LDLR Ϫ/Ϫ mice was associated with decreased lesion formation and elevated release of TNF-␣ and TNFR-I compared to atherosclerosis-susceptible B6.LDLR Ϫ/Ϫ mice. Differential expression of ADAM17 between FVB.LDLR Ϫ/Ϫ and B6.LDLR Ϫ/Ϫ mice might be attributable to a genetic variant at position Ϫ25 (T/G) leading to the insertion of a putative C/EBP-alpha binding site in the FVB promoter which was absent in the B6 promoter. The atherosclerosis locus and expression differences were confirmed in Chr12 interval-specific congenic mice. ADAM17 was first characterized by 2 independent groups as the metalloproteinase responsible for releasing soluble TNF-␣ from the cell membrane and thus designated TACE (TNF-␣ converting enzyme). 18, 19 It was later recognized that ADAM17 activity is also responsible for proteolytic cleavage of numerous other transmembrane proteins such as growth factors, growth factor receptors, cytokines, cytokine receptors, and adhesion molecules. This process is also known as "ectodomain shedding" (for review see 12 ). ADAM17 is expressed ubiquitously 18 and has also been demonstrated in atherosclerotic lesions of ApoE Our data now provide first evidence for an atheroprotective role of ADAM17 because increased expression and activity was found in atherosclerosis-resistant FVB.LDLR Ϫ/Ϫ mice ( Figure 2 ). This was surprising because the prototypical substrate of ADAM17, TNF-␣, is a proinflammatory cytokine that might have the potential to induce atherosclerosis. 21 However, data in mice deficient for TNF-␣ or its receptors on atherosclerosis susceptibility are inconsistent. [22] [23] [24] In addition to its effect on modulating the TNF-␣ pathway, ADAM17 is also responsible for shedding a number of cell-adhesion molecules such as intercellular adhesion molecule-1 (ICAM-1), 25 VCAM-1, 26 and CX3CL1 (fractalkine). 27 Data about their role in atherosclerosis are less ambiguous because mice deficient for these proteins have decreased atherosclerosis. 28 -30 Indeed, this would be quite consistent with an atheroprotective role of ADAM17. One could speculate that increased ADAM17 activity might result in decreased adhesion of inflammatory cells to the vessel wall, one of the initial steps in atherogenesis. A reduction of atherosclerosis has also been shown in mice deficient for interleukin (IL)-1 receptor, another substrate of ADAM17. 31 Taken together, ADAM17 is responsible for modulating the abundance of a number of proteins on the cell surface with pro and antiatherogenic properties and a net antiatherogenic effect might be the result of the sum of their actions.
It should be mentioned that Mu et al have previously also mapped an atherosclerosis locus, designated Ath-6, to proximal Chr12. This locus was identified in a cross between C57BL/6J and C57BLKS/J mice (in this cross, the more atherosclerosis sensitive strain is the latter) with a suggestive LOD score of 2.5 at D12Mit49. 32 In subsequent work, Ath6 was narrowed to a 0.26 cM interval and ADAM17 was excluded as a candidate gene. 33 However, this does not necessarily rule out ADAM17 as a the responsible gene for the Chr12 QTL in our cross since complex lineage effects have to be considered at this locus. 7 In addition, we have been using FVB mice on the LDLR Ϫ/Ϫ background 7 in contrast to wild-type B6BLKS and SPRET/Ei mice in a model of diet-induced atherosclerosis 33 and the genetic basis of atherosclerosis in these models might be quite different.
In our initial paper, we observed a strong lineage dependency of atherosclerosis at the Chr12 QTL. Significant linkage was only present in female mice derived from mB6ϫfFVB parental mice and male mice derived from mFVBxfB6 parentals. 7 In the present study, colocalization of the peak LOD score of ADAM17 mRNA expression to the peak LOD score of atherosclerosis at proximal Chr12 suggested that both phenotypes might be related. This was also reflected at the level of ADAM17 mRNA expression in the different subcrosses. The QTL of ADAM17 mRNA expression was significantly higher (LOD 3.3) in female F2 derived from mB6ϫfFVB parental mice and compared to females F2 derived from mFVBxfB6 (LOD 1.4), thus corresponding to the lineage effects of atherosclerosis in female mice. In male mice, linkage for ADAM17 expression was suggestive for ADAM17 expression. However, the peak atherosclerosis LOD score mapped more distally in male mice. It thus appeared that a gene different from ADAM17 might be more relevant for differences in atherosclerosis susceptibility in male animals, even though there was evidence for differential regulation of ADAM17 mRNA (LOD 2.9 and 2.4, in male subcrosses). We would like to argue that this does not necessarily rule out ADAM17 as a candidate gene because its effect might depend on the interaction with additional permissive cofactors present only in specific female lineages. Unfortunately, we are just at the beginning of understanding these lineage effects which might not only depend on the distribution of the sex-chromosomes, but also on the maternal mode of inheritance of mitochondria and epigenetic factors. 34 Differential expression of ADAM17 between FVB and B6 mice was of particular interest because the gene is expressed constitutively 18 and little is known about its regulation. 35 Overlap of the maximum LOD score of ADAM17 expression with its physical position at Chr12 indicated differential regulation in cis (Figure 1 ). This was confirmed by allele expression imbalance in the F1 livers (cis-trans test) suggesting that a genetic variant in the ADAM17 promoter might be responsible for differences in ADAM17 expression between FVB and B6. To identify the causal variant, we performed reporter gene assays of the 681-bp proximal promoter region containing potentially important regulatory sites as determined by analysis of sequence conservation between species (rVista). Systematic mutation of the 4 promoter variants between FVB and B6 indicated that a polymorphism at position Ϫ25 (T/G) was responsible for expression differences ( Figure 3 ). This nucleotide exchange resulted in the insertion of a putative C/EBP-alpha binding site in FVB, absent in B6. This finding was particularly important because the identified variant might be causative for differences in atherosclerosis susceptibility between the 2 strains and thus be a target for production of knock-in mice for confirmation of differences of lesion susceptibility.
In summary, our data provide evidence for a role of ADAM17 in modulating atherosclerosis susceptibility. Increased activity of ADAM17 was associated with decreased lesion formation and elevated release of ADAM17 substrates. , respectively.
